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Abstract 
The combination used electro-assisted system and hydroponic phytoremediation which is hereinafter referred as hydroponic 
EAPR system for rapid removal of Pb2+ and Cu2+ from contaminated water which has been demonstrated in a laboratory–scale 
experiment. A hydroponic setting was used to evaluate the potential rapid removal and uptake of lead and copper concentration 
by water lettuce (Pistia stratiotes Linn.). The effectiveness of two–dimensional (2D) of cathode–pot electrode was introduced in 
this study. The results obtained from hydroponic EAPR system were compared with the plants exposed in the contaminated lead 
and copper water by using phytoremediation for 7 d process. The results showed that the accumulation of lead and copper were 
high in the plant roots. Analysis of chlorophyll content in treated plant with high lead concentration for EAPR system has showed 
that water lettuce could cope with lead and copper stress. The overall metal uptake in plant system was higher under EAPR 
system than one compared with phytoremediation process. 
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Nomenclature 
 
A Ampere 
d day (1d = 24 h) 
h hour (1 h = 60 min) 
H           height 
L length 
V Volt 
W Watt 
W width 
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1. Introduction 
Phytoremediation is the use of plant and plant process to remove, degrade, or render harmless hazardous 
materials present in the soil or groundwater1,2. This emerging technology may offer a more cost-effective, non–
intrusive and safe alternative toward conventional water clean-up techniques. However, its application is limited to 
surface contamination only, because the clean-up depth is strictly determined by the length of the plant roots. It is a 
passive technology in terms of contaminant transport, the movement of contaminants in the water is induced 
exclusively by slow plant root suction and thus the efficiency of removal of contaminants depends on the extension 
of the plant roots in the water surface 3. 
The combined use of electrochemical process with phytoremediation which hereinafter referred to as electro–
assisted phytoremediation (EAPR) is one of solution to enhance the phytoremediation process. In the EAPR system 
heavy metal ions will be transported to the roots zone by electro-migration process and deposited to the shoot 
system of the plant through the adsorption process4. Several studies had been extensively reported on the 
improvement of soil phytormediation by using the combination process with electrokinetic5–8. However only a 
limited publication had been reported in the application of EAPR on the aquatic system to remove As using Lemna 
minor L.9, and Cu, Fe and Ba using Lactuca sativa L.10. Although the results verify the enhanced heavy metal uptake 
by plant through the application of electrical field in the water, but the application of EAPR system has not yet been 
addressed on the depth contaminated aquatic plume. 
Plants commonly employed for phytoremediation have to unite a high biomass plant, rapid growth, and high 
hyper accumulation, such as Vetiver grass (Vetiveria zizaniodes L.) and Indian mustard (Brassica juncea L.)6,,11. 
Water lettuce (Pistia stratiotes L.) was selected as the test plant in this study as it has ability to enhance microbial 
activity, absorb nutrients and remove suspended solids. The ability of this plant to use nutrients from the sewage to 
elaborate an important phyto mass added to exacerbate any imbalance in nutrient supply that arose during the 
experiment and make it one of the most suitable plant to be used in wastewater phytoremediation in tropical areas12. 
In this study, two major issues were addressed. First, the aim was to evaluate and develop the enhancement 
process of hydroponic phytoremediation by the application of electro-assisted process to remove lead and copper 
from polluted water by assessing water lettuce (Pistia stratiotes L.) as an accumulator species and evaluating a 
designed chatode-pot electrode to enhance the hydroponic phytoremediation process. Second, the survival strategy 
of plants growing on lead and copper contaminated water was assessed by determination of Pb and Cu accumulation 
and the efficiency of root–to–shoot translocation; and evaluation of the survival indicator to determine the level of 
lead and copper tolerance. 
 
2. Material and methods 
2.1. Hydroponic set up 
The highest grade commercially available reagents were purchased from E–Merck, Germany, except as stated 
otherwise. Deionized water was used throughout to obtain the desired concentrations in the solution. Water lettuce 
(Pistia stratiotes L.) was collected from waterways around of Sleman district of Yogyakarta province, Indonesia. 
Upon purchase, the plants were cleaned from remaining debris in the root part and then placed in trays containing 
fresh water before being transferred to the growth chamber which the plants were allowed to acclimatize for 3 d in 
half–strength Hoagland solution. For all experiment units, the plant was grown in the growth EAPR cell with the 
dimension of 40 (L) cm × 25 (W) cm × 35 (H) cm and filled with 100 mg · L-1 lead and copper together with 
Hoagland solution in order to evaluate potential toxic effects on plants. Total volume of 15 L solution in the cell was 
maintained by addition of deionized daily water. All solution before used in the experiment unit was adjusted to pH 
of 6.5 by few drops of 1 M NaOH. Periodically, the solution pH was measured during the 7d growth period and          
50 mL aliquots were withdrawn from cell, added few drops of 5 M HCl. The titanium electrode (Ø 6 mm × 25 (L) 
cm, Nilaco, Japan) and stainless steel U316 (net wire: 10 mesh, 30 (L) cm × 20 (W) cm; and bar: thickness 3 mm,         
30 cm (L) × 1 cm (W)  were used as an anode and cathode. The system was carried out using constant voltage of         
2 V (DC power supply, 30 V and 1.5 A, AND, Japan). The light source was provided from fluorescent tubes (i.e.         
40 W, Philip, Indonesia) and incandescent lamps (i.e. 20 W, Osram Duluxstar PAR 38, China) which were 
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controlled by an intra–matrix timer to provide 16/8 h light/dark cycle. The laboratory ambient temperature and 
humidity were monitored by room thermometer and hygrometer. This system brought the chamber temperature to 
28 לC to 30 לC and 60% to 70% humidity. The modified half–strength Hoagland solution was prepared according to 
reported paper4 by mixing 0.0676 g of KH2PO4, 0.253 g of KNO3, 0.59 g of Ca(NO3)2.4H2O, and 0.20 g of 
MgCl2.6H2O in 1 L of solution. The solution pH was adjusted to 6.5 by adding few drops of 1 M NaOH. Fig. 1 
shows the hydroponic experimental set up in the growing chamber. 
 
 
 
 
Fig. 1 (a) Hydroponic set up for all experiments in the growing chamber and; (b) the sampling points in the EAPR cell. 
 
2.2. Plant tissues analysis 
Directly after the completion of the experiment, plants were harvested, weighed and separated into shoot and 
root. The root part was then washed thoroughly with running tap water. The shoot and root were cut into small 
pieces, dried for 2 d at 80 oC. Approximately 100 mg of samples were digested in 5 mL concentrate HNO3 for 
overnight and then adjusted to a volume of 50 mL of deionized water. The lead and copper concentration in the acid 
extract was determined by a flame atomic adsorption spectrophotometer (Buck Scientific 202, USA). The 
concentrations of element in this study were reported in a dry matter basis.  
3. Result and discussion 
3.1. Cathode–pot electrode on the EAPR cell 
Electromigration process is the process of transport of charged ions (positive/negative) in the solution toward 
electrode with opposite charge. In this study, the cathode electrode (negative) was stainless steel while titanium as 
the anode electrode (positive). The effectiveness of electro migration of lead and copper ions were determined by 
periodic sampling of water from EAPR cell at three level points during the 7d growth period. For example, sampling 
points in the bottom, middle, and upper point which close to the surface of the cathode (Figure 1B). Fig.2A and 2B 
showing the electromigration of Pb and Cu ions in the EAPR system occur maximally in the first 2 d. The Pb 
concentration increased as high as 93 % from initial concentration at top point, whereas for Cu as high as 99 %. 
These results showed that the metal ions were effectively transported toward the upper point which was close to the 
plant roots using  designed cathode–pot electrode. 
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Fig. 2 Profile electromigration of lead (A) and copper;  
B) ions in the solution toward cathode electrode in the EAPR system and   uptake by water lettuce (Pistia stratiotes). 
 
3.2. Heavy metal concentration in the plants  
To evaluate the lead accumulation capacity of the studied plants, the Pb and Cu concentration were measured in 
roots and shoots of plantx grown on the hydroponic contaminated water and the results were obtained in Figs.3A 
and 3B. Out of two tested experiments, lead and copper had the highest level in roots for each treatment. Despite the 
high level of lead and copper accumulation by water lettuce in the root, the ability to translocate heavy metal from 
roots to shoots was lower for each treatment, except for copper removal which was showed a bit significant (Fig. 
3B), suggesting enhanced ability for heavy metal uptake, and high capacity for storage of this metal in roots as well. 
High removal of initial copper concentration from solution within 7 d of period growth was demonstrated by 
EAPR system (Fig.3B). Approximately 99% of lead concentration was removed from the solution. Meanwhile in 
phytoremediation system, disappearance rate was not different significantly in response to the initial concentration, 
suggesting gradual saturation of water lettuce’s copper absorption capacity. The removal of copper from the solution 
can be ascribed to the kinetic rate of EAPR system because control experiment (i.e. runs without EAPR system) 
showed no significant decrease in copper aqueous concentrations over time. Another test with similar solution 
volume (i.e. 15 L for phytoremediation and EAPR system) has shown that the final decreased of concentration in the 
solution was similar, suggesting solution volume was not effect on the uptake capacity of lead by water lettuce. 
Fig.3A shows amount of lead concentration in water lettuce for each remediation methods. It can be seen that the 
removal ability of EAPR system was lower than that of phytoremediation method, suggesting electric enhancement 
was quiet effective to transport the contaminants from solution to the root zone, meanwhile the ability of water 
lettuce to transport lead from root to the shoot was lower than that phytoremediation process. A critical point to the 
success of the combined electro kinetic phytoremediation process is the timing between the contaminant transport to 
the root zone and the plant growth3.  
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Fig. 3 The concentration of lead (A) and copper (B) uptake by water lettuce (Pistiastratiotes) for each method. 
 
 
4. Conclusion 
The preliminary results from the  study are encouraging and positive first step toward achieving our long-term 
goal, i.e., to develop a low–cost, environment friendly a combined electro–assisted and phytoremediation system 
capable to remediate lead and copper from contaminated water. Several major points emerge from this evaluation as 
optional treatment for metal–contaminated water. Results demonstrate that the application of an electric across water 
contaminated with lead and copper causes metal to migrate from anode to cathode. At the same time, water lettuce 
can be grown in the treated water, taking up a proportion of the mobilized metals into its roots system. In this 
hydroponic system, kinetic rate of removal heavy metal from solution by EAPR system was different, higher ability 
of copper adsorption by water lettuce than that lead adsorption as well, showing the timing between the contaminant 
transport to the root zone by electro migration process and adsorption on the root zone and translocation to the shoot 
system by the plant growth is the critical point for successful combined electro kinetic phytoremediation process.  
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